We study the single production of fourth-family t ′ quarks via the process ep → t ′ ν at Large Hadron electron Collider (LHeC). We calculate the background and signal cross sections for the mass range 300-800 GeV. It is shown that the LHeC can discover single t ′ quark up to the mass of 800 GeV for the optimized mixing parameters.
I. INTRODUCTION
The start-up of the Large Hadron Collider (LHC) will scan a new range of energy and mass to solve the well known unanswered questions in particle physics; especially concerned, two of them are flavor problem and electroweak symmetry breaking. The unification of these two problems is the major motivation to consider fourth family. In addition to the LHC, ep facility will also provide complementary information for new physics beyond the Standard Model (SM). The Large Hadron electron Collider (LHeC) [1] It is well known that the SM does not predict the number of fermion families. The fermion family replicants remain a mystery of the flavor problem. The discovery of a sequential fourth family may play an important role in understanding the flavor structure of the SM.
Determination of the number of fermion families will be an important goal of the upcoming experiments at the LHC [2, 3, 4, 5, 6, 7] , and further at the ILC and CLIC [8] . Meanwhile, the production of fourth family quarks via flavor changing neutral current interactions are investigated at future colliders [9, 10, 11, 12, 13] .
The experiments at Tevatron have already constrained the masses of fourth family quarks.
The collider detector at Fermilab (CDF) has searched strong pair production of t ′ with its associated anti-quark, each decaying to a W boson and a jet, with 2.
Tevatron setting a lower bound on mass of t ′ quark, m t ′ > 311 GeV at 95% CL [14] . There seems to be some parameter space (mass vs. mixing angle) of the fourth family quarks which could be explored at future searches [2, 3, 4, 5, 7, 13] .
In this study, we investigate the discovery potential of the LHeC for the single production of sequential fourth family t ′ quarks via the process e + p → t The extension of the SM is simply to add a sequential fourth family fermions where left-handed components transform as a doublet of SU(2) L and right-handed components as singlets. The interaction of the fourth family t ′ quark with the quarks q i via the SM gauge
where g e , g are the electro-weak coupling constants, and g s is the strong coupling constant. respectively. Q t ′ is the electric charge of fourth family quark t ′ ; T a are the Gell-Mann matrices. g V and g A are the vector and axial-vector type couplings of the neutral weak current with t ′ quark. Finally, the V t ′ q denotes the elements of extended 4×4 CKM mixing matrix which are constrained by flavor physics. In this study, we use the parametrization
.47, which were optimized for a 1σ deviation over the average values of the CKM matrix elements. The tree level Feynman diagrams for the single production of t ′ (t ′ ) quark and their subsequent decays are given in Fig. 1 . The total decay widths of t ′ quark within the SM framework are presented in Table I Fig. 2 . Therefore, these two processes will be considered in our following analysis. We use the CTEQ6M [16] parton distribution function in our numerical calculations. is shown in Fig. 8 . The peaks show the t ′ signal with the mass of 400, 500 and 600 GeV.
III. ANALYSIS
In order to obtain the signal visible over the background we also apply an invariant mass cut |m t ′ − m W + b | < 10 − 20 GeV according to the mass and the decay width of t 
The results for the signal significance of t ′ single production are given in Table II . While calculating the SS values we consider the leptonic decay of W ± bosons with the branchings via W ± → l ± ν l , where l ± = e ± , µ ± and we assume the b-tagging efficiency as ǫ = 60%. From Table II , we see that single t ′ quark can be observed at the LHeC with a mass in the range of 300-800 GeV provided optimal mixings with the other families are present. 
IV. CONCLUSION
In the presence of the fourth family quarks, the LHC will discover them in pairs and measure their masses with a good accuracy. The single production may provide a unique measurement of the family mixing with the four families. The t ′ quarks can also be produced singly at the LHeC with large numbers if they have a large mixing with the other families of the SM. We have explored the single production of sequential fourth family t ′ quarks in ep collision at the LHeC energy with √ s = 1.4 TeV. It is shown that the LHeC can discover
